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SUMMARY 
An exper imenta l  inves t iga t ion  was conducted t o  determine the opt ical  absorp-  
t i o n  l e v e l s  i n d u c e d  i n  f u s e d  s i l i c a  as a resu l t  o f  exposure  to  nuc lear  reac tor  
i r r ad ia t ion  ove r  a range of  fas t  neutron f luxes,  fas t  neutron doses ,  and reactor  
temperatures. Also inc luded  in  the  inves t iga t ion  were a l imi t ed  number of speci- 
mens  made f rom a lumina ,  ho t -pressed  bery l l ia ,  and  s ingle  c rys ta l  bery l l ia .  
Measurements of the ul t raviolet  t ransmit tance spectrum were made p r i o r   t o   t h e  
r e a c t o r  i r r a d i a t i o n ,  a f t e r  t h e  r e a c t o r  i r r a d i a t i o n ,  and a f t e r  a s e r i e s  of 
cobalt-60 gamma i r r a d i a t i o n s .  Measurements  were a l s o  made during and after heat 
treatments a t  elevated  temperatures.  The induced  absorption  coefficients  were 
determined from these measurements at t h e  c e n t e r s  of absorption bands located a t  
0.215 and 0.163 microns. 
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RESULTS 
1. Measurements made f o l l o w i n g  r e a c t o r  i r r a d i a t i o n  a t  temperatures of T O O  t o  
1100 C i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  c o l o r a t i o n  due t o  long-l ived defects  
i n  u l t r av io l e t  g rade  Corn ing  7940 f u s e d  s i l i c a  a t  wavelengths of 0.215 and 0.163 
microns. The ac tua l  induced  absorp t ion  dur ing  the  reac tor  i r rad ia t ion  i s  not 
known, however, because of two effects which occurred after removal of the capsule 
from the  r eac to r :  b l each ing  of  short- l ived defects  during the cool-down process ,  
and gamma colora t ion  of  defec ts  due t o  t h e  r a d i o a c t i v e  c a p s u l e .  
2. The absorption  induced by ambient-temperature  cobalt-60 gamma i r r a d i a t i o n  
increased approximately l inear ly  with gamma dose  for  fused  s i l ica  spec imens  which 
had been annealed for one hour a t  1050 C y  independent of whether or not  the speci-  
mens had been reactor  i r radiated between the anneal ing and cobal t -60 gamma dose 
processes.  The r a t e  of increase of absorption coefficient with gamma dose w a s  
approximately 0.05 cm-’/Mrad f o r  a wavelength of 0.215 micron, and between 0.05 
and 0.1 cm-l/Mrad f o r  a wavelength of 0.163 micron. 
3. Fai lure  to  pre-annea l  fused  s i l ica  spec imens  before  reac tor  i r rad ia t ion  
r e s u l t e d  i n  a change in  the  va r i a t ion  o f  abso rp t ion  coe f f i c i en t  w i th  gamma dose 
during  post-reactor  exposure t o  a cobalt-60 source.  In such tests,  the absorp- 
t i o n  c o e f f i c i e n t  f o r  a wavelength of 0.215 microns i n i t i a l l y  i n c r e a s e d  at a r a t e  
of approximately 0.15 cm-l/Mrad b e f o r e  r e t u r n i n g  t o  a rate  of  0 .05 cm-l/Mrad a t  
higher gamma doses. 
4. During thermal annealing studies at temperatures of 700 t o  900 C, 
gamma-induced colorat ion decreased with t ime a t  an exponent ia l  ra te  descr ibed by 
a t ime constant on the  o rde r  of 50 t o  100 sec.  These t ime constants are approxi- 
mately two orders of magnitude greater than t ime constants measured during transient 
t e s t s   i n  a TRIGA r e a c t o r .  
5. Measurements  of the t ransmit tance of  aluminum oxide specimens after a 
900 C r e a c t o r  i r r a d i a t i o n  r e v e a l e d  t h a t  a 50 percent loss  of transmittance had 
occurred over  the ent i re  ul t raviolet  region.  Nei ther  cobal t -60 gamma dosing  nor 
heat treatment a t  900 C s i g n i f i c a n t l y  a f f e c t e d  t h e  p o s t - r e a c t o r - i r r a d i a t i o n  t r a n s -  
mi t tance  leve l .  However, a heat treatment a t  1200 C f o r  one hour caused substantial  
recovery  in  t ransmi t tance ,  the  recovery  be ing  less  a t  the shorter  wavelengths .  
6. A hot-pressed polycrystall ine beryll ium oxide specimen was completely non- 
t r a n s m i t t i n g  i n  t h e  u l t r a v i o l e t  r e g i o n  a f t e r  a 900 C r e a c t o r  i r r a d i a t i o n ;  a 900 C 
post-reactor heat treatment produced no recovery. 
7. A s ingle  crystal  beryl l ium oxide specimen which was i r r a d i a t e d  a t  ambient 
reactor  temperature  had an absorpt ion coeff ic ient  greater  than 12 cm-l over  the 
en t i r e  u l t r av io l e t  wave leng th  r eg ion ,  and was nontransmitt ing for wavelengths 
sho r t e r  t han  0 .245  a i c ron  a f t e r  t he  i r r ad ia t ion .  Th i s  specimen was not heat 
t r e a t e d  a f t e r  t h e  r e a c t o r  i r r a d i a t i o n .  
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INTRODUCTION 
The Research Laborator ies  of  United Aircraf t  Corporat ion are  invest igat ing 
various technologies associated with gaseous nuclear rocket engines under Contract 
NASw-847 w i t h  t h e  j o i n t  AEC-NASA Space Nuclear Propulsion Office. One o f  t he  
engine concepts t o  which these technologies  can be appl ied i s  t h e  n u c l e a r  l i g h t  
bulb concept, which i s  based on the transfer of energy by thermal  rad ia t ion  from 
gaseous nuclear  fuel  through an internal ly-cooled t ransparent  w a l l  t o  seeded hydro- 
gen p rope l l an t .  The key problem a r e a  which i s  d i f f e r e n t  i n  t h i s  c o n c e p t  t h a n  i n  
other gaseous nuclear rocket concepts i s  t h e  t r a n s p a r e n t  w a l l ,  which must remain 
t r a n s p a r e n t  i n  a severe nuclear radiation environment.  
It i s  necessary t o  employ a mater ia l  in  the  nuc lear  l igh t  bu lb  rocke t  engine  
which i s  t r a n s p a r e n t  t o  o p t i c a l  r a d i a t i o n  ovex a wide range of wavelengths i n  a 
nuclear  radiat ion environment  to  prevent  loss o f  s t r u c t u r a l  i n t e g r i t y .  Two 
compet ing  processes  a f fec t  the  t ransmiss ion  charac te r i s t ics  of  the  mater ia l  in  th i s  
environment: f i rs t ,  damage i s  induced by nuclear  radiation;  and  second, damage i s  
annealed by the exposure to  e levated temperatures .  Therefore ,  it should be possible 
t o  reduce t .he equilibrium coloration present in a t r a n s p a r e n t  m a t e r i a l  i n  a nuclear 
environment t o  an acceptab le  leve l ,  or t o  remove it a l toge the r  , by maintaining the 
ma te r i a l  at some elevated temperature.  
A number of s tud ie s  o f  r ad ia t ion  damage and opt ica l  absorp t ion  in  fused  
s i l i c a  and a lumina  have  been  publ i shed  in  the  sc ien t i f ic  l i t e ra ture  (Refs .  1 -12) .  
These have served largely t o  i d e n t i f y  t h e  a b s o r p t i o n  bands induced by t h e  r a d i a t i o n  
and t o  i n d i c a t e  t h e  n a t u r e  of the defect  responsible  for  the absorpt ion band.  The 
s t u d i e s  were made by i r r a d i a t i n g  t h e  specimens a t  ambient reactor temperature or at  
cryogenic  temperatures  and measuring the induced opaci ty  af ter  the i r radiat ion.  In  
some instances,  i r radiated specimens have been heated and deco lo ra t ion  r a t e s  
measured  by  analyzing damaged specimens before and a f t e r  hea t  t r ea tmen t .  The 
i n t e r p r e t a t i o n  of a l l  t hese  data i s  complicated because of simultaneous color 
bleaching and defect annealing, and because a number of defects  are  produced a t  low 
temperature which anneal over a range of energies of activation. 
Three investigations have been conducted at the Research Laboratories t o  
i n v e s t i g a t e  r a d i a t i o n  damage and thermal  bleaching in  t ransparent  mater ia ls :  the 
inves t iga t ions  descr ibed  in  Refs .  13 and 1 4  and t h e  i n v e s t i g a t i o n  d e s c r i b e d  i n  t h e  
present  report .  In  addi t ion,  information on the  t r ansmiss ion  cha rac t e r i s t i c s  of 
un i r rad ia ted  fused  s i l ica  has  been  obta ined  in  the  inves t iga t ions  descr ibed  in  
Refs. 13 and 14 and i n  an invest igat ion conducted at t h e  NASA Lewis Research Center 
(Ref. 1 5 ) .  
S tud ie s  o f  t he  nuc lea r  cha rac t e r i s t i c s  o f  a s p e c i f i c  4600-megw nuc lea r  l i gh t  
bulb engine (Ref. 16)  i n d i c a t e  t h a t  t h e  fast  neut ron  f lux  inc ident  on t h e  t r a n s -  
parent w a l l  w i l l  be on the   o rder   o f  5 x  n/cm2-sec. For a typ ica l   engine  
burning time of l o 3  sec ,  t he  to t a l  neu t ron  dose  on the  t r anspa ren t  w a l l  would be 
approximately 5 x 10l8 n/cm2. A number of  d i f fe ren t  t rans ien t  reac tors  can  supply  
a n e u t r o n  f l u x  e q u a l  t o  t h a t  e x p e c t e d  i n  a rocket engine, but the corresponding 
dose i n  a s i n g l e  t r a n s i e n t  p u l s e  i s  orders-of-magnitude less than in an engine 
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operating period. Conversely,  almost any s teady-s ta te  reac tor  can  furn ish  the  
neutron dose expected in a rocket engine by operating for a t ime period longer than 
the expected burning t ime of  the engine,  but  no avai lable  s teady-state  reactor  can 
fu rn i sh  a fast neutron flux approaching 5 x 1015 n/cm2-sec.  Because  no s ing le  type  
of  reac tor  tes t  can  provide  s imula t ion  of  bo th  f lux  and  dose ,  it was decided t o  
conduct t e s t s  i n  b o t h  p u l s e  and  s t eady- s t a t e  r eac to r s .  Dur ing  the  t e s t s  i n  the  
TRIGA pulse  reac tor  descr ibed  in  Ref .  14, measurements were made before ,  during,  
and af te r  the  reac tor  pu lses .  These  tes t s  provide  informat ion  05: short- l ived color  
centers .  The t e s t s  desc r ibed  in  Ref .  13 and i n  t h e  p r e s e n t  r e p o r t  were made before  
and a f t e r  (bu t  no t  du r ing )  exposure  in  a s teady-s ta te  reac tor .  These  tes t s  were 
designed t o  provide information on longer- l ived color  centers .  
I n i t i a l  i n v e s t i g a t i o n s  a t  United Aircraft  Research Laboratories involved the 
measurements of t h e  r a t e  of bleaching of color a t  ultraviolet  wavelengths produced 
by ambient - tempera ture  reac tor  i r rad ia t ions  of f u s e d  s i l i c a  ( s e e  R e f .  13).  While 
such measurements were very d i f f i c u l t  t o  i n t e r p r e t ,  t h e  i n f o r m a t i o n  g e n e r a t e d  
ind ica ted  tha t  induced  co lor  in  fused  s i l ica  could  be  minimized  by maintaining it at  
an  e leva ted  tempera ture  dur ing  the  i r rad ia t ion  process .  
The nex t  s t ep  in  the  program directed toward the eventual  determinat ion of  the 
e f f e c t  of simultaneous nuclear-irradiation-induced coloration and thermal annealing 
of co lo ra t ion  was t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  of  performing reactor- i r radiat ions 
on  specimens a t  elevated  temperatures.  The success fu l  r e su l t  o f  t h i s  i nves t iga t ion  
generated a program to  sys t ema t i ca l ly  s tudy  the  e f f ec t s  o f  f a s t  neu t ron  f lux  and 
dose, as we l l  as specimen temperature, on the  induced  absorp t ion  in  the  t ransparent  
ma te r i a l s  by measurements of op t i ca l  t r ansmi t t ance  a f t e r  t he  r eac to r - i r r ad ia t ion .  
The i r r a d i a t i o n s  and measurements made under t h i s  program were carr ied out  using 
fused - s i l i ca ,  a lumina ,  and b e r y l l i a ,  and are  descr ibed  in  the  fo l lowing  sec t ions .  
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DESCRIPTION  OF  EQUIPMENT  AND  TEST  CONDITIONS 
Transparent  Specimens 
The materials  selected  for  study  in the present  program  were  fused silica, 
aluminum  oxide,  and  beryllium  oxide. A description of the specimens  and  materials 
used  is  .given  in  Table I. A specimen  designation  code  has  been  used  which  is  given 
in Table I1 and  which  is  the  same  as  that  employed  in  Refs. 13 and 14. The present 
program  has  been  mainly  concerned  with  the  study  of  fused  silica,  with  the  tests on 
alumina  and  beryllia  being  preliminary  in  nature.  The  fused  silica  specimens  were 
polished  on  the  cylindrical  surfaces  as well as on the faces to  facilitate  cleaning. 
The results  reported  in  Ref. 13 showed  that  chemically  cleaning  the  specimens 
in  warm ( 5 0  C)  chromic  acid  glass  cleaning  solution  prior t  nuclear-reactor 
irradiation  and  prior to heating  during  post-reactor-irradiation  testing  was  
necessary  part  of  the  preparation  procedure  for  fused  silica. In addition, it  was 
felt  that a  thermal  anneal  of  one  hour  at 1050 C might  tend  to  minimize  the  inherent 
structural  variability  which  exists  from  specimen-to-specimen.  These  procedures 
were  followed  in  the  present  program,  excepting  that  the  specimens  irradiated  in 
capsules A through E in the  preliminary  experimentation  were  not  given the stabi- 
lizing  pre-reactor-irradiation  thermal  anneal.  The  alumina  and  beryllia  specimens 
were  also  cleaned  in  chromic a id, but  were  not  given a  thermal  anneai  prior  to 
reactor  irradiation.  The  processing  of  the  specimens  prior to reactor  irradiation  is 
is  summarized  in  Table 111. 
Reactor  Test  Conditions 
Specimens  were  reactor-irradiated  in  either  core  position  C-3 or D-1 of  the 
Union  Carbide  swimming  pool  reactor.  Neutron  and  gamma  flux  profiles  measured  in 
these  positions,  plotted  in  Figs. 1 and 2 for  position  C-3  and  Figs. 3 and 4 for 
position D-1, show  that  these  positions  provide  fast  neutron  fluxes  differing by 
approximately  one  order of magnitude,  and  gamma  fluxes  differing by a factor of 
approximately 3 .  The  gamma  flux 'in  the  capsule  was Bund to  reach a steady-state 
after  about  four  hours  in  the  core  positions  employed.  The  positions  of  UARL  speci- 
mens  in  capsules F through K (Table IV) relative  to  the  flux  profiles  are  indicated 
on  Figs. 1 to 4. 
In order  to  obtain  control  over  the  irradiation  conditions,  a  capsule  for  the 
irradiation  of  specimens  at  controlled  high  temperatures  was  designed  and  fabricated 
at the  Union  Carbide  Research  Reactor  Facility.  The  capsule  consisted  of an 
aluminum  container,  glass  wool  insulation,  and  a  cylindrical  heater  inside  of  which 
the  specimens  were  placed. The capsules  used  for  irradiations  of  capsules A, B y  
Cy and E differed  from  this  in  being  thin-walled  stainless  steel  containers  rather 
than  aluminum.  These  containers  provided  somewhat  more  post-reactor-irradiation 
gamma  dose  than  was  obtained  from  the  new  capsules.  The  specimens  were  isolated 
from  direct  physical  contact  with  the  heater  by  a  thin  layer  of  insulation,  except 
in  one  capsule  in  the  series  in  which a opper  tube  was  used to contain  the  speci- 
mens.  The  copper  proved  unsatisfactory  due to  the  high  level  of  radioactivity 
(2 curies)  from  copper-64  which  has  gamma  emission  decay  product of 1.34 MeV 
gamma  rays  with a 12-hour  half  life.  The  copper  tube  was  therefore  not  used  in 
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subsequent  i r radiat ion experiments .  The i n s u l a t i o n  l a y e r  was s u f f i c i e n t  t o  b r i n g  
t h e  specimen temperature up to  wi th in  approximate ly  one hundred degrees of the 
desired temperature ,  and the heater  was used t o  m a i n t a i n  a constant temperature. 
All c a p s a e  h e a t e r s  were made of  graphi te  with the except ion of the capsule  used 
f o r  i r r a d i a t i o n  a t  low fa s t  neu t ron  f lux ,  where t h e  h e a t e r  was made of s t a i n l e s s  
s t e e l .  A new hea te r  w a s  used for each capsule.  The capsule was instrumented  with 
a thermocouple t o  measure the temperature  during and af ter  the i r radiat ion.  A 
pos i t ive  pressure  of  n i t rogen  was used t o  prevent  in f lux  of  reac tor  water  in  case  
of s ea l  f a i lu re .  P rov i s ions  were a l s o  made for flowing nitrogen gas through the 
c a p s u l e  a f t e r  t h e  c o m p l e t i o n  o f  t h e  i r r a d i a t i o n  p r o c e s s  t o  h a s t e n  t h e  t h e r m a l  
cool-down.  The effect iveness  of  this  technique depended on the uniformity of gas 
flow through the contents of the  capsule .  
The necess i ty  of  using the insulated capsule  prevented instantaneous thermal  
cool-down  of the  spec imens .  In  addi t ion ,  induced  rad ioac t iv i ty  in  the  capsule  
provided a source of gamma i r r a d i a t i o n  even a f t e r  t h e  c a p s u l e  was removed from t h e  
reactor   core .   Figure 5 shows t h e  cool-down c h a r a c t e r i s t i c s  d u r i n g  t h e  i r r a d i a t i o n s  
performed. The gamma f l u x  and  dose  due t o  t h e  r a d i o a c t i v e  c a p s u l e  as a funct ion of 
t i m e  a f t e r  removal  from the  co re  a re  shown i n  F i g .  6. This  da ta  was obtained by 
instrumenting a capsule with a gamma f lux  me te r  i n  a t e s t  e q u i v a l e n t  t o  a con t ro l l ed  
i r r a d i a t i o n .  
The r eac to r - i r r ad ia t ion  cond i t ions  used  in  the  p re sen t  program a r e  summarized 
in  Table  I V .  Capsules A through E contained no aux i l i a ry  hea te r s  bu t  were  main- 
t a i n e d  at e leva ted  tempera ture  through the  appropr ia te  se lec t ions  of i n s u l a t i o n  
thickness and gamma f l u x .  Because  of t h i s ,  a specific predetermined temperature 
could not always be obtained. These tests were run during a Corporate-sponsored 
program i n  o r d e r  t o  a s c e r t a i n  t h e  g e n e r a l  e f f e c t s  o f  e l e v a t e d  specimen temperatures 
on the  pos t - reac tor - i r rad ia t ion  va lues  of the induced absorption. Capsules F 
through J were designed t o  provide accurately controlled temperature conditions,  
independent  of  the level  of gamma flux. Capsule K ,  c o n t a i n i n g  t h e  s i n g l e  c r y s t a l  
b e r y l l i a ,  was r e a c t o r - i r r a d i a t e d  a t  ambient reac tor  tempera ture ,  de te rmined  to  be 
approximately i 6 0  C .  
Cobalt-60 Test Conditions 
Af t e r  r eac to r - i r r ad ia t ion ,  some of  t h e  specimens were exposed t o  gamma r a d i a t i o n  
from an Atomic Energy of Canada, Ltd. 8,000 Curie cobalt-60 source which provides 
approximately 1 . 5  Mrads/hr of 2-MeV  gamma rays.  The t o t a l  gamma rad ia t ion  dose  was 
regulated by a timing device which withdrew the specimens from the i r radiat ion 
chamber on an e l eva to r  a t  t h e  end  of a preset  per iod.  Charts  of  the gamma flux 
p r o f i l e  and a decay chart  giving the maximum f l u x  as a func t ion  of  t ime to  cor rec t  
f o r  r a d i o a c t i v e  decay lo s ses  were supplied with the unit  and were used t o  o b t a i n  
p r e c i s e  i r r a d i a t i o n  d o s e s .  
UARL High Temperature Spectrophotometer 
The UARL high-temperature spectrophotometer i s  a dual-beam instrument which 
measures t h e  s p e c t r a l  t r a n s m i s s i o n  c h a r a c t e r i s t i c s  of op t i ca l  ma te r i a l s  wh i l e  t he  
m a t e r i a l  i s  h e a t e d  t o  any temperature between 22 and 1100 C and a t  any wavelength 
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between 0.15 and 4.5 microns. This spectrophotometer i s  comprised of three chambers, 
t he  l axges t  o f  which contains the following monachromator s e c t i o n s :  u l t r a v i o l e t ,  
v i s i b l e ,  and near-infrared sources;  infrared thermocouple detector;  and coll imating 
and beam-spl i t t ing mirrors .  Radiant  energy from ei ther  of t h e  two sources  located 
i n   t h i s  chamber i s  selected and focused by the  sphe r i ca l  condens ing  mi r ro r  i n to  the  
entrance s l i t  o f  t he  monochromator.  The  monochromator s e c t i o n  i s  of bas ic  Li t t row 
des ign  u t i l i z ing  an  o f f - ax i s  pa rabo l i c  mi r ro r  t o  co l l ima te  l i gh t  from t h e  g r a t i n g  
on to  the  ex i t  s l i t .  Four d i f f r a c t i o n  g r a t i n g s  a r e  u t i l i z e d  t o  c o v e r  t h e  s p e c t r a l  
range of operation and are mounted  on a t u r n t a b l e .  The monochromatized energy 
emerging from t h e  e x i t  s l i t  i s  col l imated by another off-axis parabola and then 
d i r e c t e d  by two circular plane mirrors through the chopper system into the second 
chamber containing the furnace.  Two furnace tubes are used t o  mount and t o  h e a t  
the  specimens. Each furnace i s  comprised  of a l2-in.-longY  1-1/4-in.-dia., 
0.020-in.-wall tantalum tube supported at each end by water-cooled copper electrodes. 
These  e l ec t rodes  a re  ca rbon- l ined  to  a l low the  t an ta lum tubes  to  s l i de  as they 
elongate a t  elevated temperatures. After passing through the sample chamber, the 
t r ansmi t t ed  ene rgy  en te r s  t he  th i rd  chamber and i s  d i r e c t e d  by two c i r cu la r  p l ane  
mir rors  on to  the  photomul t ip l ie r  or  the  lead  su l f ide  de tec tor .  The l ead  su l f ide  
de t ec to r  i s  mounted on a t u r n t a b l e  and may be  pos i t i oned  d i r ec t ly  in  f ron t  of t h e  
photomult ipl ier .  The specimen-to-detector distance with a specimen loca ted  at t h e  
cen te r  of the  furnace  tube  i s  about 35 inches.  The  specimen  can, i f  necessary ,  be  
mounted a t  the photodetector ,  but  cannot  be heated there .  The inf ra red  source  
sys t em loca ted  in  th i s  chamber c o n s i s t s  of a Nernst glower t o  provide radiant energy 
and  an a r s e n i c  t r i s u l f i d e  l e n s  t o  c o l l i m a t e  t h i s  e n e r g y .  Mounted on t h e  same turn- 
t a b l e  w i t h  t h e  l e a d  s u l f i d e  d e t e c t o r  a r e  a pair  of  rectangular  plane mirrors  which 
d i rec t  the  rad ian t  energy  f rom the  inf ra red  source  sys tem to  c i rcu lar  p lane  mir rors  
and then into the sample chamber  and  onto t h e  monochromator s ec t ion .  The t o t a l  ' 
specimen-to-detector  distance i s  112 inches.   These  three chambers are  connected 
with high-vacuum b a l l  v a l v e s  so t h a t  t h e  f u r n a c e  chamber may be opened independent 
of t h e  r e s t  of t he  sys t em fo r  t he  in se r t ion  or removal  of  specimens. The e n t i r e  
system i s  capable of being evacuated t o  20 mm Hg or can be run when f i l l e d  w i t h  a n  
ine r t  gas .  It has  been the pract ice  to  operate  the instrument  with the chambers 
f i l l ed  wi th  a rgon .  
The r a d i a n t  e n e r g y  i n  t h e  u l t r a v i o l e t ,  v i s i b l e ,  and near infrared regions are 
monochromatized before entering the sample chamber whereas the  inf ra red  spec t rum is 
monochromatized af ter   sampling.   There  are  two r easons  fo r  t h i s  conf igu ra t ion :  
monochromatizing of the shorter  wavelengths  i s  done i n i t i a l l y  t o  e l i m i n a t e  or 
minimize any opt ica l  b leaching  of  a colored sample which may occur by al lowing the 
f u l l  u l t r a v i o l e t  s p e c t r u m  t o  be incident  upon the sample, while monochromatizing of 
the longer wavelengths i s  done t e r m i n a l l y  t o  minimize the amount of d i rec t  furnace  
and sample r a d i a t i o n  i n c i d e n t  upon the thermocouple detector when running the 
system at e leva ted  tempera tures .  In  addi t ion  to  the  reversed  opt ica l  beam paths , 
the  opt ical  chopping for each beam d i r e c t i o n  i s  accompl ished  pr ior  to  en ter ing  the  
furnace chamber so t h a t  any furnace radiation which may be  d i rec ted  onto  the  
operating photodetector w i l l  produce a constant  s ignal  and thus not  be passed by 
t h e  c h o p p e r r e c t i f i c a t i o n  c i r c u i t r y  t o  a f f e c t  t h e  r e c o r d e d  s i g n a l .  O u t p u t  i s  
presented on a r e c o r d i n g  s t r i p  c h a r t  which d isp lays  the  ra t io  of  energy  t ransmi t ted  
i n   t h e  sample beam t o   t h a t   t r a n s m i t t e d   i n   t h e   r e f e r e n c e  beam w i t h  r e s p e c t  t o  wave- 
l eng th .  Add i t iona l  de t a i l s  pe r t a in ing  to  the  op t i ca l  spec i f i ca t ions  of t h e  
spectrophotometer '  are found in Ref.  13. 
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This instrument w a s  u s e d  i n  a l l  tes ts  on f u s e d  s i l i c a  r e q u i r i n g  measurements 
o f  t he  abso rp t ion  band at 0.215 mic rons .  In  o rde r  t o  be  a s su red  o f  su f f i c i en t  
s e n s i t i v i t y  f o r  t h e  s t u d y  o f  t h e  band at 0.163 microns ,  the  Seya-Namioka instrument 
was employed. 
Seya-Namioka Fa r  U l t r av io l e t  Monochromator 
The Seya monochromator i s  a single-beam instrument which measures the spectral 
t r a n s m i t t a n c e  c h a r a c t e r i s t i c s  o f  o p t i c a l  materials over the wavelength range from 
0.11 t o  0.40 microns at ambient  temperature.  Radiant  energy i s  d i r ec t ed  from t h e  
s o u r c e  t o  a re f lec tance  gra t ing , through the  spec imen,  and  then  to  a photodetector .  
The specimen under study i s  mounted i n  a movable holder approximately two inches 
from t h e  d e t e c t o r  so t h a t  it can be withdrawn from the beam p a t h  i n  o r d e r  t o  p r o v i d e  
a r e fe rence  s igna l  fo r  t he  ene rgy  be ing  de l ive red  by the  sou rce  at the wavelength 
where the  t r ansmi t t ance  i s  to  be  de te rmined .  Data a r e  p r e s e n t e d  i n  t h e  form of 
voltage produced by t h e  d e t e c t o r ,  p r o p o r t i o n a l  t o  t h e  i n t e n s i t y  o f  l i g h t  f a l l i n g  on 
t h e  d e t e c t o r ,  which may be recorded or read using a d ig i t a l  vo l tme te r .  Th i s  i n s t ru -  
ment was used i n  a l l  t es t s  o f  t he  aluminum oxide and beryllium oxide t o  p r o v i d e  d a t a  
at wavelengths  below 0.15 microns i n  a d d i t i o n  t o  d a t a  a t  longer wavelengths. The 
short  specimen-to-detector distance i s  impor tan t  where  d i f fuse  sca t te red  l igh t  
c o n s t i t u t e s  a p a r t  o f  t h e  t r a n s m i t t e d  l i g h t  t o  b e  measured.  Measurements  of t h e  
band reported a t  0.163 microns i n  f u s e d  s i l i c a  u s i n g  1 / 2  mm thick specimens were 
made on t h i s  i n s t r u m e n t ,  s i n c e  t h e  band was expected t o  extend t o  wavelengths near 
0.15 microns. 
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DISCUSSION  OF  TESTS  USING  FUSED  SILICA  SPECIMENS 
The  transmission  characteristics of each  fused  silica  specimen  was  measured 
before  the  specimen  was  sent to the reactor.  After  each  specimen  was  reactor 
irradiated,  removed  from  the  capsule  and  cleaned, th  post-reactor  room-temperature 
absorption  spectrum  was  obtained  either  with  the  high  temperature  spectrophotometer 
in the wavelength  range  from 0.155 to 0.36 microns  or  with  the  Seya  monochromator 
in  the wavelength  range  from 0.110 to 0.36 microns. The specimens  were  then  sub- 
jected to heat  treatments  and  cobalt-60  gamma  irradiations.  The  absorption 
coefficient  at a wavelength of 0.215 microns  was  generally  measured  during the heat 
treatments  and  the  absorption  spectrum  was  measured  after  the  heat  treatment  and  the 
cobalt-60  gamma  irradiations.  Table V lists  the  type  of  examination  made  for  each 
specimen  and  the  tables  where  the  detailed  data  may  be  found  (Tables VI through VIII). 
A summary  of  the  key  results  is  given  in  the  following  subsections. 
Transmission  Characteristics  Before  Reactor  Irradiation 
Transmittance  measurements  made  using  fused  silica  specimens  show  that thin 
specimens (of  the  order  of 1/2-mm thick) do  not  transmit  as  much  light  at  ultra- 
violet  wavelengths  near  the  absorption  edge  as  would  be  expected  on  the  basis  of 
intrinsic  absorption  measurements  made  using  thick  (up to 30-mm thick) specimens. 
This  result  is  illustrated  by  Fig. 7 where  the  transmittance  values  at 0.215 microns 
prior to reactor-irradiation  for all specimens  used  in the present  program  are 
plotted  as a function  of  specimen  thickness.  Absorption  levels  which  would  be 
required to account  for the decrease  in  transmittance  below  the 0.92 level  (which 
accounts  for  the  reflection loss of 0.08 due to  the  two surfaces  of the specimen), 
are  indicated. If such  values  were real,  the intrinsic  absorption  of  fused  silica 
would  depend  on  thickness  at  a  given  wavelength.  Since  this  result  cannot be 
correct,  possible  explanations  have  been  sought  to  account  for  the loss in  trans- 
mittance.  Although  the  intrinsic  properties  change  slightly  for  different  batches 
of  material, it  is more  likely  that  variations  in  surface  finish  is  the  cause. 
Surface  irregularities  of  the  same  dimension  as  the  wavelength  of  the  light  used 
for  measurement (0.215 microns) are  very  difficult to eliminate,  and  the  difficulty 
of  maintaining  adequate  surface  quality  increases  as  the  thickness  of  the  specimen 
decreases.  It  is  therefore to be  emphasized  that  meaningful  measurements  with 
any  specimen  can  be  made  of  changes  in  transmittance  (equivalent to changes  in 
a.bsorption  as  induced  by  processing  of  the  specimen),  as  has  been  done  in  the 
present  program,  but  that  absolute  values  of  absorption  can  be  made  only  for  cases 
in which  the  loss  in  transmission  due to absorption  is  substantially  greater  than 
that  due to reflection.  Results  of  measurements  of  the  absorption  in  both  un- 
irradiated  and  irradiated  fused  silica  from  Ref. 13 are  shown  in  Fig. 8. 
Transmission  Characteristics  After  Reactor  Irradiation 
In order to ascertain  the  in-reactor  optical  absorption level, it  is  necessary 
either  to  measure  the  transmittance of a specimen  during  the  irradiation process, 
or to  measure  the  transmittance  of  a  specimen  which  has  been  temperature  and 
radiation  quenched  after  the  desired  radiation  dose  has  been  administered. In this 
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study, transmittance measurements were made after t h e  specimen had received a speci-  
f i ed  r ad ia t ion  dose .  The necess i ty  of  us ing  a thermal ly  insu la ted  capsule  to  per form 
t h e  i r r a d i a t i o n s  p r e v e n t e d  r a p i d  cool-down. The re fo re ,  t he  results measured repre- 
sent  the condi t ions immediately a t  t h e  end  o f  t he  r eac to r  i r r ad ia t ion  on ly  i f  t h e  
processes under consideration have a time constant which i s  s ign i f i can t ly  longe r  
than  the  coo l ing  down time of  several minutes (see Fig.  5 ) .  I n  a d d i t i o n ,  t h e  
rad ioac t iv i ty  induced  in  the  capsule  produced  gamma i r r a d i a t i o n  so t h a t   t h e  specimens 
r ece ive  a gamma dose during (and af ter)  cool ing (see Fig.  6 ) .  
Results of measurements of the  absorp t ion  charac te r i s t ios  of  each  of  the  spec i -  
mens a f t e r  r e a c t o r  i r r a d i a t i o n  are g i v e n  i n  F i g .  9 .  The a b s o r p t i o n  c o e f f i c i e n t s  f o r  
t h e  specimens from capsules F through J are l e s s  t h a n  t h o s e  from capsules A through 
E. This  d i f fe rence  i s  b e l i e v e d  t o  b e  due t o  t h e  p r e - i r r a d i a t i o n  a n n e a l i n g  which was 
employed f o r  t h e  specimens i n  c a p s u l e s  F through J (see Table  111). Another effect  
a t t r i b u t e d  t o  t h i s  a n n e a l i n g  p r o c e s s  i s  d iscussed  in  the  fo l lowing  subsec t ion .  
The main o b j e c t i v e  o f  t h e  r e a c t o r  i r r a d i a t i o n  tes t s  was t o  determine whether 
damage cen te r s  are c rea t ed  du r ing  the  i r r ad ia t ion  p rocess  which have a very long 
h a l f  l i f e  ( i . e . ,  which are v e r y  d i f f i c u l t  t o  a n n e a l ,  e v e n  a t  high temperatures) .  
The low va lues  o f  abso rp t ion  coe f f i c i en t  i nd ica t ed  in  F ig .  9 ,  p a r t i c u l a r l y  f o r  
capsules  F through J ,  ind ica t e  tha t  t he  abso rp t ion  a s soc ia t ed  wi th  any such long- 
l i ved  de fec t s  i s  small. Note t h a t  t h e  t o t a l  n e u t r o n  d o s e  f o r  some of  the  capsules  
i n  t h e  c u r r e n t  t es t  program are more than one order-of-magnitude greater than the 
neutron doses employed i n  t h e  program described i n  R e f .  13. A s  noted in  p reced ing  
pa rag raphs ,  t he  abso rp t ion  coe f f i c i en t s  shown i n  F i g .  9 a re  not  equal  to  the  absorp-  
t i on  coe f f i c i en t s  wh ich  are p r e s e n t  i n  t h e  r e a c t o r  at t h e  end of t h e  r e a c t o r  
i r r ad ia t ion ,  bo th  because  o f  t he  poss ib i l i t y  o f  b l each ing  shor t - l i ved  de fec t s  and  
t h e  p o s s i b i l i t y  o f  gamma co lo ra t ion  from the  capsu le  af ter  removal of t h e  specimens 
from t h e  r e a c t o r .  
Transmission Character is t ics  After Cobal t -60 Irradiat ion 
The resul ts  of  cobal t -60 gamma i r r a d i a t i o n  o f  specimen SC 30-2 a r e  l i s t e d  i n  
Table VI-b and p l o t t e d  i n  F i g .  10  i n  compar ison  wi th  the  resu l t s  of  gamma irradia- 
t i o n  o f  a similar specimen which had not been reactor irradiated. The l a t t e r  
provides a measure of t h e  a b s o r p t i o n  a s s o c i a t e d  w i t h  t h e  gamma damage only,  
whereas t h e  c u r v e  f o r  SC 30-2 shows  two colorat ion processes  occurr ing.  The d i f -  
ference curve noted on Fig.  10 i s  be l ieved  to  be  an  ind ica t ion  of  recolora t ion  of  
neutron-induced damage which in  th i s  ca se  co r re sponds  to  an  abso rp t ion  coe f f i c i en t  
of approximately 0.53 em-'. This has been termed the "saturation" value of the 
neutron-induced  a'osorption. A similar behavior i s  shown i n  F i g .  11 f o r  specimen 
SC 30-5 (Table V I - f ) .  I n  t h i s  c a s e  t h e  " s a t u r a t i o n "  a b s o r p t i o n  was obtained  by 
e x t r a p o l a t i n g  t h e  p o r t i o n  o f  t h e  c u r v e  a t t r i b u t a b l e  o n l y  t o  gamma c o l o r a t i o n  t o  
zero cobalt-60 gamma dose.  In  both cases  the specimens were not  annealed pr ior  to  
i r r a d i a t i o n .  
The t e c h n i q u e  i l l u s t r a t e d  i n  F i g s .  10  and 11 appeared t o  provide a method f o r  
determining the long-l ived neutron damage c r e a t e d  i n  t h e  r e a c t o r  p r o c e s s .  A s  a 
r e s u l t ,  t h i s  t e c h n i q u e  was adopted for  the specimens in  fol lowing capsules .  
Therefore,  af ter  reac tor  i r rad ia t ion ,  each  spec imen was i r r a d i a t e d  t o  a t o t a l  o f  
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30 Mrads of cobalt-60 gamma rays  , with transmittance measurements taken af ter  12,  
18, 24, and 30 Mrad doses t o  de te rmine  the  absorp t ion  leve l  as a funct ion of  gamma 
dose.  After the accumulation of 30 Mrads, t h e  specimen was heated for twenty 
minutes at the  tempera ture  a t  which it w a s  r eac to r - i r r ad ia t ed ,  and the cobal t -60 
gamma dose procedure repeated t o  determine i f  the  thermal  t rea tment  which reduced 
the  abso rp t ion  to  ze ro  had  ann ih i l a t ed  the  co lo r  cen te r s ,  or had only bleached them. 
During the  process  of hea t ing  the  spec imens ,  the  t ransmi t tance  was measured as a 
funct ion of  time at  0.215 microns,  the center of  a major absorption band a t  ultra- 
violet  wavelengths.  
The measurements of the induced absorption level versus  gamma dose a t  0.215 
microns are summarized f o r  t h e  30- and 5-mm thick specimens in Figs.  12 and 13 f o r  
specimens  from  capsules F through J .  A value of approximately 0.05 cm-l/Mrad of 
cobalt-60 gamma dose was found for  the  average  co lora t ion  ra te  due t o  cobalt-60 
gamma i r r a d i a t i o n .  
The general  shape of  the curves in  Figs .  12 and 13 f o r  t h e  specimens  from 
capsules F through J are d i f f e ren t  t han  fo r  t he  cu rves  in  F igs .  10 and 11. The 
curves in  Figs .  12 and 13  a re  approx ima te ly  l i nea r  ove r  t he i r  en t i r e  r ange ;  
extrapolat ion of  a s t r a i g h t  l i n e  drawn through the data  obtained a t  high gamma dose 
l e v e l s  back t o  z e r o  dose  leve l  ind ica tes  a value of  "saturat ion" absorpt ion which 
i s  approximately equal t o  t h e  a b s o r p t i o n  c o e f f i c i e n t  i n d i c a t e d  a t  t h e  b e g i n n i n g  o f  
t h e  gamma dose  process. The r eason  fo r  t he  d i f f e rence  in  r e su l t s  ob ta ined  from 
Figs .  1 0  and 11 and  Figs. 12 and 13 i s  not  understood. However, it i s  noted  tha t  
the specimens employed in  producing  the  da ta  shown i n  F i g s .  12 and 13 were annealed 
a t  a temperature of 1050 C before the reactor  i r radiat ion,  while  the specimens 
employed in  genera t ing  F igs .  10  and 11 did not receive an annealing treatment.  
Evident ly  the anneal ing process  e l iminates  the cause of  the curvature  in  the data  
shown i n  F i g s .  10  and 11. 
Data on the  sa tura t ion  absorp t ion  coef f ic ien t  ob ta ined  from a l l  specimens 
using the technique described in preceding paragraphs i s  summarized in  F ig .  1 4 .  
Except f o r  some of  the data  obtained from specimens from capsules A through E ,  t h e  
da t a  shown in  F ig .  14 a r e  a l i t t l e  d i f f e r e n t  from the  pos t - reac tor  da ta  shown i n  
Fig.  9. As noted  in  the  d iscuss ion  of  F ig .  9 ,  t h e  d a t a  i n  t h i s  f i g u r e  and i n  
Fig.  14 cannot  be interpreted as be ing  equa l  t o  the  abso rp t ion  coe f f i c i en t  o f  t hese  
specimens  immediately a t  t h e  end  of t he  r eac to r  ope ra t ing  pe r iod .  In  add i t ion  to  
t h e s e  summary c u r v e s ,  i n d i v i d u a l  d a t a  p l o t s  f o r  t h e  30-mm t h i c k  specimens a r e  i n -  
c luded in  Figs .  25-41. 
In  add i t ion  to  the  s tud ie s  o f  t he  induced  abso rp t ion  coe f f i c i en t s  a t  0.215 
microns conducted with the 30- and 5-mm thick specimens of  fused s i l ica ,  1/2-mm 
f u s e d  s i l i c a  specimens were used t o  measure induced absorption level changes a t  
0.163 microns,  the center of a second reported ul t raviolet  absorpt ion band.  The 
r e s u l t s  o f  t h e  post-nuclear-reactor-irradiation measurements of induced absorption 
coeff ic ient ,  both immediately af ter  t h e  r e a c t o r  i r r a d i a t i o n  and af te r  cobal t -60  
gamma dosing of the specimens, are summarized in  F ig .  1 5 .  A g r e a t  d e a l  o f  s c a t t e r  
appears; however, a t r end  i s  found of increasing induced absorption coefficient 
with cobalt-60 gamma dose. 
with gamma dose i s  'between 
is  in reasonable agreement 
f o r  t h e  c o l o r a t i o n  ra te  a t  
~ 
The average incrgase in  induced absorpt ion coeff ic ient  
0.05 and 0.10 cm-l/Mrad of cobalt-60 
with the value of approximately 0.05 
0.215 microns. If t h e   c o l o r a t i o n  a t  
gamma dose.  This 
cm-l/Mrad found 
0.163 microns were 
- .  
. . 
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due t o   t h e  t a i l  of  the  band  a t  0.215 m i c r o n s ,  t h e  c o l o r a t i o n  r a t e  would be  a 
f r a c t i o n  .of t h a t  at 0.215 microns. Thus , although a band at 0.163 microns i s  not 
c lear ly  observed ,  the  co lora t ion  there  i s  not due t o   t h e  t a i l  of the 0.215 micron 
band. A second series of cobalt-60 gamma i r r a d i a t i o n s  af ter  heat ing the specimen 
a t  the  r eac to r  i r r ad ia t ion  t empera tu re  were performed i n  which similar r e s u l t s  were 
obtained. 
Transmission Measurements During Heat Treatment 
Moderate-temperature ( 5  300 C )  bleaching studies were conducted on specimens 
from capsules  A through E t o  i n v e s t i g a t e  t h e  c h a r a c t e r  o f  t h e  b l e a c h i n g  p r o c e s s .  
The resul ts  obtained for  three specimens from capsule  B a r e  shown i n  F i g .  16 .  A s  
the  bleaching temperature  i s  increased,  a t  l e a s t  two processes  are  evident ly  
occurr ing as shown by these  curves .  One of the specimens,  SC 30-2, was gamma 
i r rad ia ted  a f te r  the  b leaching  process ,  and  then  reb leached .  The r e s u l t s  are 
i l l u s t r a t e d  i n  F i g .  17 from which it can be deduced that two d i s t i n c t  p r o c e s s e s  a r e  
occurr ing.  The ca l cu la t ed  time cons tan t ,  shown on t h e  p l o t ,  i s  def ined by t h e  
r e l a t i o n s h i p  
( Q~ / Q~ re f  1 = e x p  
(1) 
and r ep resen t s  t he  t ime  r equ i r ed  fo r  t he  induced  abso rp t ion  coe f f i c i en t  t o  dec rease  
t o  ( l / e )  of i t s  i n i t i a l  v a l u e .  
Measurements of t h e  i n c r e a s e  i n  t r a n s m i t t a n c e  as a function of t i m e  a t  a wave- 
length of 0.215 microns were a l s o  made on t h e  30-mm thick specimens from capsules 
F,  I , and J dur ing  hea t  t rea tment  at temperatures of 700, 800, and 900 C af ter  
gamma i r r a d i a t i o n .  The induced absorpt ion coeff ic ient  value af ter  such  hea t  t rea t -  
ments  dropped to  zero within the accuracy of  the measurements .  Therefore ,  it 
appea r s  p robab le  tha t  t he  sa tu ra t ion  abso rp t ion  ind ica t ed  on Fig.  14 i s  due p r i -  
m a r i l y  t o  gamma rays from the capsule .  Recolorat ion by cobalt-60 gamma i r r a d i a t i o n  
ind ica ted  no remaining defects. These transmittance measurements were used t o  
ca lcu la te  the  induced  absorp t ion  coef f ic ien t  leve l  as a funct ion of  t ime a t  tempera- 
ture f o r  t h e  specimens a t  0.215  microns. The r e s u l t s  are p l o t t e d  i n  F i g s .  18, 19, 
and  20. The ca l cu la t ed  time cons t an t s  a r e  shown on the  p lo t s .  These  p lo t s  i nd ica t e  
t h a t  a s ing le ,  f i r s t -o rde r  t ype  o f  p rocess  i s  being observed a t  these  e leva ted  
temperatures a t  a wavelength  of  0.215  microns.  This i s  i n  c o n t r a s t  t o  t h e  d a t a  of 
induced absorpt ion coeff ic ient  versus  time at  temperature obtained from moderate- 
temperature bleaching studies conducted using the specimens from the preliminary 
experiments, capsules A through E ,  a t  t h e  same wavelength. These bleaching studies 
showed two d i s t i n c t  s l o p e s  t o  t h e  b l e a c h i n g  c u r v e s ,  e s p e c i a l l y  i n  F i g .  17  i n  which 
t h e  d a t a  f o r  a l t e r n a t e  gamma dosing and heat treatment are p lo t t ed .  Time cons tan ts  
for  each  s lope  on F igs .  16 through 20 have been calculated and are p l o t t e d  i n  
Fig.  21. 
Also shown on Fig.  21 i s  information on bleaching t ime constants  from t h e  
TRIGA experiments reported in Ref.  14. The time cons tan ts  from t h e  TRIGA experiments 
a t  temperatures from 300 t o  900 C are approximately two orders  of  magni tude less  than 
those  de te rmined  in  the  present  inves t iga t ion .  No completely satisfactory explana- 
t i on  has  been  o f fe red  fo r  t h i s  d i f f e rence .  The most s a t i s f ac to ry  exp lana t ion  i s  t h a t  
t h e  t o t a l  c o l o r a t i o n  i n  t h e  TRIGA t e s t s  i s  so small t h a t  t h e  c o l o r a t i o n  due t o  
long-l ived defects  i s  not noticeable.  These long-lived defects,  which r ep resen t  
only a po r t ion  of t h e   t o t a l  damage, might be t h e  d e f e c t s  which are assoc ia ted  wi th  
the bleaching process  in  the present  experiments .  The t ime cons tan ts  in  F ig .  2 1  
from the  present  program a t  high temperatures  are  on t h e  same order  of magnitude 
as the  t ime for  the  spec inen  tempera tures  to  come in to  equi l ibr ium ( R e f .  13).  This 
could cause some e f f e c t  on the  da ta ,  bu t  probably  not  a two-order-of-magnitude 
e f f e c t  . 
Resolut ion of  the reason for  the differences between the t ime constants  at 
high temperatures determined in the present experiments and those determined in the 
TRIGA experiments reported in Ref. 14 i s  extremely important  in  evaluat ing the per-  
formance c h a r a c t e r i s t i c s  o f  a nuclear l ight bulb rocket engine.  A s  noted in  Ref .  
14 the t ime constants determined from t h e  TRIGA experiments lead t o  i n d i c a t i o n  of 
an absorpt ion coeff ic ient  a t  0.215 microns during steady-state operation of a 
fu l l - sca le  engine  of approximately 1 .6  cm-l. I f  the  t ime cons tan t  i s  increased by 
two orders of magnitude, with the same ra t e  o f  c r ea t ion  o f  co lo ra t ion  as f o r  t h e  
t e s t s  i n  Ref. 14 the  resu l t ing  absorp t ion  coef f ic ien t  dur ing  s teady-s ta te  opera t ion  
would  be 160 cm- . This would r e su l t  i n  excess ive  hea t ing  of t h e  t r a n s p a r e n t  w a l l  
due to  abso rp t ion  of thermal  rad ia t ion .  However, i f  the  parameter  which descr ibes  
the  r a t e  o f  c r ea t ion  o f  damage which i s  assoc ia ted  wi th  th i s  long  t ime cons tan t  i s  
l e s s  t han  tha t  i nd ica t ed  in  Ref .  14, the  corresponding calculated equi l ibr ium 
absorp t ion  coef f ic ien t  would be reduced. More t e s t s  must be conducted t o  r e s o l v e  
th i s  unce r t a in ty .  
1 
One of  the specimens tes ted was observed t o  have a su r face  f i lm  a f t e r  be ing  
heated t o  800 C .  Th i s  f i lm  was ' i den t i f i ed  as a dev i t r i f i ca t ion  p roduc t :  a -qua r t z .  
The d e v i t r i f i c a t i o n  o f  f u s e d  s i l i c a  i s  n o t  f e l t  t o  be a problem, but the appearance 
of such a sur face  f i lm despi te  carefu l  handl ing  procedures  i l lus t ra tes  the  necess i ty  
of such procedures t o  avoid spurious data.  
DISCUSSION OF  TESTS  USING ALUMINA AND BERYLLIA SPECIMENS 
S i n g l e  c r y s t a l  aluminum oxide specimens were reactor  i r radiated a t  900 C i n  
capsule J. The r e s u l t s  of the post-reactor-irradiation transmittance measurements 
as a funct ion of  wavelength are  presented in  Figs .  22 and. 23 f o r  t h e  2-mm and 
1/2-mm thick specimens.  Since the heat  t reatment  a t  900 C f o r  20 minutes made  no 
apparent  difference in  the t ransmit tance,  specimen AM 1/2-100 was heated at 1200 C 
f o r  one  hour. A s  shown in  F ig .  23, a s u b s t a n t i a l  amount of transmittance recovery 
i s  observed. 
Po lyc rys t a l l i ne  Be0 specimens were also reactor  i r radiated a t  900 C i n  
capsule J. Af t e r   i r r ad ia t ion ,   t hey  were  completely  nontransmitting. No improvement 
was observed  af te r  the  900 C heat  t reatment  for  20 minutes,  nor did heating a t  
1200 C f o r  one hour improve the  t r ansmi t t ance  cha rac t e r i s t i c s .  
The s i n g l e  c r y s t a l  Be0 specimens, BL 2-100 from t h e  Lawrence Radiation 
Laboratory, was r e a c t o r  i r r a d i a t e d  at ambient temperature, which has been measured 
t o  be approximately 160 C .  The a b s o r p t i o n  l e v e l  a f t e r  i r r a d i a t i o n  was g rea t e r  t han  
1 2  cm-l throughout the wavelength range 0.150 t o  0.290 microns as shown in  F ig .  24. 
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LIST OF SYMBOLS 
a 
Neutrons 
Temperature , deg. C or deg . K 
T ime ,  sec  or min 
( ) Reference  value 
Absorpt ion coeff ic ient ,  cm-l 
Induced absorpt ion coeff ic ient ,  cm- 
Wavelength , microns 
Neutron flux, neutrons/cm -sec 
Time constant,   seconds 
I n i t i a l  v a l u e  



















American,  Inc. 
"Spectrosil" 
AM Adolph Meller Co. 
" u l t r a v i o l e t  Grade" 
( S i n g l e  c r y s t a l )  
BL Lawrence Radiation 
Laboratory 
( S i n g l e  c r y s t a l )  
BN Nat ional  Beryl l ia  
Co. (po lyc rys t a l l i ne )  
1 I 
SHAPE DIMENSIONS 
Right Cylinder 25.4 mm d i a .  
30 ,  8,  5, 1 / 2  mm 
t h i c k  
Right Cylinder 25.4 mm d i a .  
25 mm t h i c k  
Right Cylinder 13 mm d i a .  




i 1 0  mm diagonal 
2 mm t h i c k  
1 / 2  mm t h i c k  
TABLE I1 
SPECIMEN  DESIGNATION  CODE 
EXAMPLE 
WORKS \ \  -Specimen thickness  in  Millimeters C-CORNING  GLASS \ \Manufacturer T-THERMAL  AMERICAN,  INC. "ADOLPH  MELLER  CO. 
L-LAWRENCE RADIATION LABOFATORY . 
N-NATIONAL  BERYLLIA  CO. 
*Type of Material 
S-FUSED  SILICA 
B-BERYLLIUM  OXIDE 
TABLE  I11 
SPECIICEN TREATMENT  PRIOR  TO  NUCLEAR  REACTOR  IRRADIATION 

































CHEN.  CLEAN 
50 deg C 




































HEAT  TO 
1050 deg C ,  
1 hr 































"-___I- _ _ _  
"" 
Note:  Capsules A, B, C , D, E, and K i r r a d i a t e d  as p a r t  of a 
Corporate-sponsored program 
TABLE IV 
IRRADIATION  CONDITIONS  FOR  SPECIMENS  AT  THE 
UNION  CARBIDE  RESEARCH  REACTOR 








T- SPECIMEN IRRADIATION  CONDITIONS ;AMMA DOSE  FROM 
:APSULE  AFTER 
:OMPLETION OF 












. . . - . . . 
. . 
SC  30-5 
7.8 4 (Est.) c-3 
8.1 4 (Est.) 1.5 c-3 
5.4 
44.8 
c- 3 4 (Est.) 
D c-3 5 (Est. ) 





SC  30-30 
SC  30-101 
sc 5-101 
sc 1/2-10] 
. . ~. 
SC 30-105 
SC  5-104 
sc 1/2-107 
~ - - - . . . - 
SC  30-109 
SC 5-110 
sc 1/2-11] 
~ . . ~  ~- 
SC 30-102 
~ .. 
SC  30-112 
SC  5-105 
sc 1/2-10; 
. ." . " 






-~ .. -~ 
~~ 
BL 2-100 
c- 3 F 69.0 
- 
5.26 G c- 3 
5.89 D-1 
70.2 c- 3 1.93 
1.91 70.1 c- 3 3.6 
4.32 
SC  30-113 
SC 30-114 0 0 None None Contr 
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TABLE V 
TREATMENT OF SPECIMENS  IN  POST-REACTOR-IRRADIATION 
TESTING  PROGRAM 
I I I T 
CAPSULE POST-REACTOR-IRRADIATIOT SPECIMEN 
Heat  Treatment 
High Temp Low Temp 
O_Gooc) (530OC) 































































VIII-a , c 
VII-g 



















HISTORY OF FUSED SILICA SPECIMEN  SC 30-16 
CAPSULE A 
Receipt from vendor 
Reactor i r radiat ion 
Gama irrad:  capsule 






Gamma i r rad :   fue l   e l t  
Gamma i r rad :  Co-60 
"reference 
DESCRIPTION OF STEP 
-l 
"- ""_ 
833 1 48.8 




























"- I ----- 
--- I ""_ "- ""_ " - 1  ""_ 




















































Receipt from vendor 
Reactor irradiation 
Capsule gamma i r rad .  
Heat treatment 
Gamma i r rad .  - CO-60 
Gamma irrad.  - Co-60 
Gamma i r rad .  - CO-60 
Gamma irrad. - CO-60 
Gamma irrad.  - CO-60 
Heat treatment 
Gamma irrad.  - Co-60 
Heat treatment 
Specimen polished 
Gamma i r rad .  - CO-60 
Heat treatment 
*reference 
HISTORY  OF  USED SILICA  SPECIMEN  SC 30-2 
CAPSULE B 












































































































TABLE V I - c  






I STEP DESCRIPTION OF STEP 
I 
i 
l v  
Receipt from vendor 
Reactor i r radiat ion 
3 Gamma irrad:  capsule 
Heat treatment 
Gamma irrad:  CO-60 
Gamma i r rad :  CO-60 
Gamma irrad:  CO-60 
Gamma i r rad :  Co-60 
Gamma i r rad :  Co-60 
I 
*reference 











Characteristics after step; 
















0 . 8 0 0 ~  
0.776 





































HISTORY OF FUSED SILICA SPECIMEN ST 25-1 
CAPSULE B 
STEP DESCRIPTION  OF  STEP 
Receipt from vendor 
Reactor irradiation 
Gamma irrad:  capsule "- "" 
Heat treatment 200 10.8 
"_ 
1.5 "_ "_ 
"_ """ 
8.1 1 5,450 
"- 4 ( e s t )  
"_ """ 
Characterist ics a f t e r  step; 





































Reactor irradiation 2 
Receipt from vendor 
Gamma irrad:  capsule 
Gamma i r rad :   fue l   e l t .  
5 Gamma irrad:  Co-60 
TABLE VI-e 
















4( e s t )  
1 
7.25 
Characterist ics after step; 
x = 0.215 microns 
0.820" 






TABLE  VI-f 






DESCRIPTION OF STEP 
--- I "" 






Characteristics  after  step; 








l.O* ""_ "_ 
1 
Reactor i r radiat ion 2 
Receipt from vendor 
Gamma irrad: CO-60 6 
Gamma i r r ad :   fue l   e l t  5 
Gamma irrad: capsule 3 
TABLE VI-g 













"-  "- 
---- I --- 
""" 
""" 
4( e s t )  
1 
1 . 4  
Characteristics after step; 

















1 2  
13 
14 
1 5  
TABLE VII-a 
HISTORY  OF  USED SILICA SPECIMEN  SC 30-101 
CAF'SULE F 
Type 
Receipt from vendor; 
Reac to r  i r r ad ia t ion  
Capsule gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
co-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
Heat treatment 
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
Heat treatment 
CO-60 gamma i r r a d .  
co-60 gamma i r r a d .  
anneal 
1 6  i CO-60 gamma i r r a d .  
17 i Pol ish specimen 
18 CO-60 gamma i r r a d .  
*reference 

































































































Charac ter i s t ics  after s t e p ;  




































I + I 
TABLE VII-b 
HISTORY OF FUSED SILICA SPECIIMEN  SC 30-105 
CAPSULE G 
STEP  DESCRIPTION OF STEP 1 C h a r a c t e r i s t i c s  af ter  s t e p ;  
I A = 0.215 microns 
n I 
I 
Receipt  from vendor;  1050 3.6 "- 
R e a c t o r   i r r d i a t i o n  800 270 1.9 
Capsule gamma i r r a d .  "" "- "_ 
CO-60 gamma i r r a d .  40 -" "_ 
CO-60 gamma i r r a d .  40 -" 
CO-60 gamma i r r a d .  40 "_ "_ 
CO-60 gamma i r r a d .  40 "_ "_ 
Heat t reatment  800 1.2 "_ 
co-60 gamma i r r a d .  40 "_ "_ 
CO-60 gamma i r r a d .  40 "_  "_ 
co-60 gamma i r r a d .  40 "_ "_ 
CO-60 gamma i r r a d .  40 "_ 
Heat treatment I 800 1 . 2  , "_ 
CO-60 gamma i r r a d .  "_ I "_ 
Polish specimen 
Polish  specimen 25 -" "_ 
CO-60 gamma i r r a d .  "- "_ 





























































1.288  0.020 
""_ 
0.0 
0.30 I 0.401 
0.79 1 0.091 
1.65 j 0.007 
I O  
I o  
0.684 ' 0.126 ""_ ""- 





TABLE V I I - c  
HISTORY OF FUSED SILICA SPECIMEN SC 30-109 
CAPSULE E 
DESCRIPTION OF STEP T 
I 
Receipt from vendor 
Reac tor  i r rad ia t ion  




CO-60 gamma i r r a d .  40 
CO-60 gamma i r r a d .  40 
CO-60 gamma i r r a d .  i 40 















0.17 j 5.89 
"" 1 "" 
"" 
" - 1  " " : " "  
"_ i ---- I "" --- 1 "" 






















C h a r a c t e r i s t i c s  a f t e r  s t e p ;  













0.736 1 0.107 
1.158 0.039 ""_ I 0 
*reference 
TABLE VII-d 
HISTORY OF FUSED SILICA SPECIMEN  SC 30-102 
CAPSULE I 
1 I 
STEP DESCRIPTION OF STEP i Characterization a f te r  s t ep ;  I 






Receipt from vendor ; 
Reactor  i r radiat ion 
Capsule gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  








































































































CO-60 gamma dose j 
CO-60 gamma dose 
CO-60 gamma dose ! 
CO-60 gamma dose 
Polish specimen I 
Polish specimen 
Pr ior   to   hea t   t rea tment  , I
Heat treatment 























HISTORY OF FUSED  SILICA  SPECIMEN SC 30-107 
STEP 
Receipt from vendor; 
Reac tor  i r rad ia t ion  
Capsule gamma i r r a d .  
CO-60 gamma irrad.  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
















































































* r l  
c,d 










































1050 ; 3.6 
700 j 360 
"" ' 420 
40 ! _ _ _  
40 I --- 
40 ! --- 
40 I _ _ _  




































Receipt from  vendor ; 
Reactor  i r radiat ion 
Capsule gama  i r r ad .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r ad .  
CO-60 gamma i r r a d .  
P r io r  t o  heat 
Heat treatment 
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
Heat treatment 
CO-60 gamma i r r a d .  
CO-60 gamma i r r ad .  
CO-60 gamma i r r a d .  
Polish specimen 

















1 4  















"- "_ "_ 
"- 
"_ "_ 
"" , """ 
69.0 , 20,000 
"" j 3.6 

































HISTORY OF FUSED SILICA SPECIMEN  SC 5-104 
CAPSULE G 





















































































Receipt from vendor; 
Reac tor  i r rad ia t ion  
Capsule gamma i r r a d .  
CO-60 gamma i r r a d .  
Co-Goggamma i r r a d .  
anneal 
3.6 






































































12 ' 1 1  0.553 
6 , 0.492 
6 i 0.417 
6 0.382 
""" 1 0.368 
""" J , 0.821 
12 :I 0.571 
6 ! 0.472 
I 
CO-60 gamma i r r a d .  I 40 
CO-60 gamma i r r a d .  40 
P r i o r   t o   h e a t   t r e a t m e n t  j. 25 
Heat treatment 800 
CO-60 gamma i r r a d .  ', 40 
CO-60 gamma i r r a d .  40 
CO-60 gamma i r r a d .  40 
CO-60 gamma i r r a d .  I' 40 
P r i o r  to heat  reatment ,' 25 
Heat treatment , 800 
CO-60 gamma i r r a d .  ,' 40 



















"_ , "" 
Polish specimen 
~ 25 
CO-60 gamma i r r a d .  40 1 
CO-60 gamma i r r a d .  1 40 1 
"_ , -" 







HISTORY OF FUSED SILICA SPECIMEN sc 5-110 
CAPSULE H 
t 1 
I STEP ! ! i DESCRIPTION  OF  STEP 
Receipt from vendor 
Reactor  i r radiat ion 
Capsule gamma i r r ad .  
CO-60 g m a  i r r ad .  
CO-60 gamma i r r ad .  








































2harac t e r i s t i c s  a f t e r  s t ep ;  x = 0.215 microns 1 
4 


















































HISTORY  OF  USED SILICA SPECIMEN  SC 5-10? 
CAPSULE I 
STEP 
Receipt from vendor; 
Reac tor  i r rad ia t ion  
Capsule gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
P r i o r  t o  h e a t  t r e a t m e n t  
Heat treatment 
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
Polish specimen 
Polish specimen 




















































































Charac ter i s t ics  af ter  s t e p ;  


































1.39 ""_ ""_ 
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HISTORY OF FUSED SILICA SPECIMEN  SC 5-107 
STEP 
Receipt from vendor; 
Reactor irradiation 
Capsule gamma i r r ad .  
Polish specimen 
CO-60 gamma i r r ad .  
CO-60 gamma i r r ad .  
CO-60 gamma i r r ad .  
anneal 
CAPSULE J 











































Charac ter i s t ics  a f te r  s tep ;  x = 0.215 microns 
































TABLE  VII-k 
HISTORY OF FUSED  SILICA  SPECIMEN SC 1/2-101 
CAPSULE F 
STEP 
Receipt from vendor; 
Reac tor  i r rad ia t ion  
Capsule gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
Co-60 gamma i r r a d .  
Heat treatment 
Co-60 gamma i r r a d .  
co-60 gamma i r r a d .  
Co-60 gamma i r r a d .  




























































C h a r a c t e r i s t i c s  a f t e r  s tep;  






















































STEP DESCRIPTION OF STEP 
I 
Character is t ics  after s t ep ;  
X = o .163 microns 
1' 
! U  
Receipt from vendor; 
Reactor  i r radiat ion 
Capsule gamma i r r a d .  
CO-60 g m a  i r r a d .  
CO-60 gamma i r r ad .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
Heat treatment 
CO-60 gama  i r r ad .  
CO-60 gamma i r r a d .  
Co-60 gamma i r r a d .  

























































































































TABLE V I I - r n  
HISTORY OF FUSED SILICA SPECIIWN SC 1/2-111 
CAPSULE H 
STEP 
Receipt from vendor; 
Reac tor  i r rad ia t ion  
Capsule gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 g a m a  i r r a d .  
Heat treatment 
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  




















































































Charac te r i s t i c s  after s t e p ;  








































HISTORY OF FUSED SILICA SPECIMEN  SC 1/2-102 
CAPSULE I 















Receipt from vendor; 
Reactor  i r radiat ion 
Capsule gamma i r r ad .  
CO-60 gamma i r r ad .  
CO-60 gamma i r r a d .  
CO-60 gamma i r r a d .  
Co-60 gamma i r r ad .  
Heat treatment 
CO-60 gamma i r r ad .  
CO-60 gamma i r r ad .  
CO-60 gamma i r r ad .  





























































i Charac ter i s t ics  a f te r  s tep ;  






































TABLE V I I - o  
HISTORY OF FUSED SILICA SPECIMEN  SC 30-112 
Receipt from vendor; 
Reac tor  i r rad ia t ion  
Capsule gamma i r r a d .  
Heat treatment 
Co-60  gamma i r r a d .  
co-60 gamma i r r a d .  
CO-60 gamma i r r a d .  











DESCRIPTION OF STEP Charac te r i s t ics  a f te r  s t e p ;  










































































DESCRIPTION OF STEP Character is t ics  after s t ep ;  
x = 0.215 microns 
1 
I 
Receipt from vendor 
Polish + Chemical 
800 I 36 Anneal 
"- a " Polish + Chemical 
"_ j " 
*reference 
" 40 Co-60  gamma i r r a d .  
" 40 CO-60 gamma i r r a d .  
" 40 CO-60 gamma i r r a d .  
40 1 " CO-60 gamma i r r a d .  
Cleaning ! 
I "- " 
Cleaning 
I 








































TABLE  VII-q 
HISTORY OF FUSED  SILICA  SPECIMEN  SC 30-114 
STEP 
Receipt  from  vendor 
Chemical  Cleaning + 
Anneal 
Chemical  Cleaning + 
CO-60 gamma  irrad. 
CO-60 gamma  irrad. 
CO-60 gamma  irrad. 
































Characteristics af ter  step; 





































HISTORY OF ALUMINUM OXIDE SPECIMEN AM 2-100 
CAPSULE J 
DESCRIPTION OF STEP STEP Characteristics after s tep;  




u l  



































Receipt from vendor 
Reactor irradiation 
Capsule gamma i r rad .  
CO-60 gamma irrad.  
CO-60 gamma irrad.  
CO-60 gamma irrad.  
Heat treatment 
CO-60 gamma irrad.  
CO-60 gamma irrad.  
CO-60 gamma irrad.  
370 ---- "" 
367 I 1.91 70.1 "_ ""  "" 
"- "" "" 










HISTORY OF ALUMINUM OXIDE SPECIMEN AM 1/2-100 
CAPSULE J 
STEP 
Receipt from vendor 
Reactor i r rad ia t ion  
Capsule gamma irrad. 
CO-60 gamma i r rad .  
CO-60 gamma i r rad .  
CO-60 gamma i r rad .  
Heat treatment 
CO-60 gamma i r rad .  
CO-60 gamma i r rad .  
CO-60 gamma i r rad .  
Heat treatment 













































Characteristics after step;  
























TABLE  VIII-c 
TRANSMITTANCE  CHARACTERISTICS OF ALUMINUM  OXIDE  SPECIrIIEN AM 2-100 
AFTER  NUCLEAR  REACTOR  IRRADIATION  AND  SUBSEQUENT 
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TABLE  VTII-d 
TRANSMITTANCE  CHARACTERISTICS OF ALUMINUM  OXIDE  SPECIMFN AM 1/2-100 
AFTER  NUCLEAR  REACTOR  IRRADIATION AND SUBSEQUENT 
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0 * 397 
0.396 
FIG. 1 
NEUTRON FLUX PROFILE FOR CORE POSITION C-3 OF UNION CARBIDE 
RESEARCH  REACTOR 
FAST NEUTRON FLUX PEAK-l.5(10)13 n/(cm2-sec) 
THERMAL NEUTRON FLUX PEAK - 5( lO) l3 n/(cm2-rec) 
FIG. 2 
GAMMA F L U X   P R O F I L E   F O R   C O R E   P O S I T I O N  C-3 O F   U N I O N   C A R B I D E  












I / i i  
20  50 100 200 500 
GAMMA FLUX-MRAD/HR 
FIG. 3 
NEUTRON FLUX  PROFILE FOR CORE POSITION  D-1 OF  UNION CARBIDE RESEARCH 
REACTOR 
FAST NEUTRON FLUX PEAK = 1.62 x 10 12n/(crn2-sec) 
THERMAL  NEUTRON  FLUX PEAK = 8.0 x 10 '2n/(crn '-sed 
loll 
S 
2 5 10'2 
FLU: 
2 5 1 0 ' ~  
NEUTRON FLUX-n/(cm 2-sec) 
53 
FIG. 4 
GAMMA FLUX  PROFILE  FOR  CORE  POSITION D-1 OF  UNION  CARBIDE 
RESEARCH  REACTOR 























COOLING  CURVES  FOR  FUSED  SILICA  CAPSULES  AFTER  EMOVAL 
FIG. 5 















POSITION DEG  C 
CORE IRRADIATION TEMP 
c 3  
c 3  800 
700 
D l  800 
c 3  800 
c 3  900 
CB 700 
55 








0 40 80 120 













0 20 40 60 80 100 " n 
TIME  AFTER  REMOVAL  OF  CAPSULE  FROM  CORE-MIN OI 
-
REFERENCE VALUES OF TRANSMITTANCE FOR CORNING 7940 FUSED SILICA SPECIMENS AT WAVELENGTH 
OF 0.215 MICRON 




TYPICAL  ABSORPTION  SPECTRA FOR CORNING 7940 FUSED  S IL ICA  BEFORE 
AND  AFTER  EACTOR  IRRADIATION 
(MEASURED AT 22 C; SEE REF. 13) 
0.01L I I 
0.1 0.2 0.5 1 2 




































VARIATION OF POST-REACTOR-IRRADIATION  ABSORPTION  COEFFICIENT 
FIG. 9 
WITH  IRRADIATION  TEMPERATURE 
WAVELENGTH, X = 0.215 MICRON 
SPECIMEN  CAPSULE 
FLUX DOSE TEMP. ABSORPTION COEFFICIENT- cm -1 I ~ . I - l o 1 3 n v  . I 1017& I -~ D E G c  POST-IRRAD. 
SC 30-16 0.79 a33 7.8 1.6 A 
SC 30-2 
0.20 700 69.0 1.90 F SC 30-101 
0.09 1018 44.8 1.5 D SC 30-5 
0.485 900 a. 1 1.5 B 
"'SC 30-105 G 1.90 5.26 
0.0 800 5.89 0.17 H SC 30-109 
0.28 G "SC 5-104 
0.26 aoo 
SC 30-102 I 1.93 70.2 800 0.14 
SC 5-105 I 0.0 
SC 30-6 0.03 988 5.0 1.6 C 
SC 30-30 0.12 1170 5.8 1.4 E 
5C  5-101 0.20 F 
SC 5-110 0.0 H 
5C 30-107 
0.0 J SC 5-107 
0.03 900  70.1 1.91 J 
CAPSULE G RECEIVED EXCESSIVE POST-REACTOR-IRRADIATION 
GAMMA DOSE DUE TO A COPPER SPECIMEN HOLDER IN THE CAPSULE 
- .  - -~ 
600 700 8 00 900 1000 1100 1200 
IRRADIATION TEMPERATURE-DEG C 
59 
FIG. 10 
VARIATION  OF  ABSORPTION  COEFFICIENT  FOR  FUSED  SILICA  WITH GAMMA IRRADIATION 
CAPSULE 6: PRELIMINARY  EXPERIMENTATION 
WAVELENGTH, h = 0.215 MICRON 
0 4 8 12 16 20 
co-60 GAMMA DOSE-MRAD 
60 
FIG. 11 
VARIATION  OF  INDUCED  ABSORPTION  COEFFICIENT WITH CO-60 GAMMA 
DOSE FOR  FUSED  SILICA  SPECIMEN SC 30-5 
CAPSULE D : PRELIMINARY EXPERIMENTATION 
WAVELENGTH, h = 0.215 MICRON 
GAMMA DOSE-MRAD 
61 
ABSORPTION COEFFICIENT  INDUCED  IN  REACTOR-IRRADIATED 30 MM CORNING 7940 FUSED  SILICA SPECIMENS BY 
Co-60 GAMMA IRRADIATION AT 40 C 



















REALTOR  IRRADIATION  CONDITIONS 
TEMPODEG. c F L U X  (10)'~ n/cm2sec DOSE (10)'~n/cm~ 
800 
700 1.9 5.5 
1.9  5.5 
800 0.17 
800 1.9 5.5 
900 1.9 5.5 
5.89 
GAMMADOSEONLY 
0 4 8 12 16 20 24 28 - 9 
co-60 GAMMA DOSE - MRAD d h) 
ABSORPTION COEFFICIENT INDUCED IN REACTOR-IRRADIATED 5 MM FUSED SILICA BY CO-60 GAMMA 
Z 
0 
IRRADIATION AT 40 C 
1 SYMBOL I SPECIMEN I CAPSULE 
SC 5-101 
"0"- 
"- [7- SC 5-1 10 SC 5-105 
"_ - 0- SC 5-107 900 






VARIATION OF  POST-REACTOR-IRRADIATION  "SATURATION"  ABSORPTION COEFFICIENT 
WITH IRRADIATION  TEMPERATURE 























SC 5-1 10 
SC 30-102 
SC 5-105 
SC 30- 107 
SC 5-107 
CAPSULE 












































- -~ - 
~ 
900 



































. ~~ - "  
~ ~-~ 
17 CAPSULE G RECEIVED A LARGE UNDETERMINED GAMMA DOSE AFTER 
IRRADIATION DUE TO COPPER SPECIMEN-HOLDER IN THE CAPSULE 
64 
TRANSMISSIVITY AND ABSORPTION COEFFICIENT  INDUCED  IN 0.5-MM REACTOR 
FIG. 15 
- 
IRRADIATED  FUSED  SILICA  BY CO-60  GAMMA IRRADIATION  AT  40 C 
WAVELENGTH, h =0.163 MICRON 
~~ 
SYMBOL  SPECIMEN 
0 
A 
0 sc H-111 H 
V sc 5-102 I 
0 SC 5- 109' J 
F 
". ~~~ __ 



























, FIG. 16 
ABSORPTION COEFFICIENT  DURING  HEAT  REATMENT OF FUSED  SILICA SPECIMENS 
WHICH HAD  BEEN  REACTOR  IRRADIATED  AT 900 C, CAPSULE B 
WAVELENGTH, h=0.215 MICRON 



















160 200 240 
TIME FROM BEGINNING OF BLEACHING PROCESS-MIN 
66 
FIG. 17 
ABSORPTION COEFFICIENT DURING 250 C HEAT  REATMENTS OF  USED SILICA 
SPECIMENS WHICH HAD BEEN  REACTOR  IRRADIATED  AT 900 C CAPSULE B 






TABLE  VI-b)  PR CEDING  STEP 
4 MRAD GAMMA 
10.6 MRAD GAMMA 
12 10 MRAD GAMMA 
0 1 2 3 4 5 
TIME FROM BEGINNING OF HEAT TREATMENT - HR 
67 
FIG. 18 
ABSORPTION COEFFICIENT  AT 700 C VS TIME  DURING  HIGH  TEMPERATURE  ANNEAL 














SPECIMENS SC 30-101, SC 5-101 
WAVELENGTH. X=0.215 MICRON 
SEE TABLES VI1 -0 ,  VII-f 
IRRADIATED 
-101 
2 4 6 
TIME AT TEMPERATURE-MIN 




ABSORPTION COEFFICIENT  AT 800 C VS TIME  DURING  HIGH-TEMPERATURE  ANNEAL 
FOR  FUSED  SILICA SPECIMENS WHICH HAD  BEEN  REACTOR  IRRADIATED  AT 800 C 
CAPSULE H 
1 











SPECIMEN SC 30-109 
WAVELENGTH, A =  0.215 MICRON 
SEE TABLE VII-C 
0 2 4 6 8 
TIME AT TEMPERATURE-MIN 
69 
FIG. 20 
ABSORPTION COEFFICIENT AT 900 C VS TIME  DURING .HIGH TEh!PERATURE  ANNEAL 
FOR  FUSED  SILICA  SPECIMENS  REACTOR  IRRADIATED  AT 900 C,  CAPSULE J 
SPECIMEN SC 30-107 
WAVELENGTH, X 1=0.215 MICRON 










0 2 4 6 8 10 
TIME  AT  TEMPERATURE-MIN 




















REACTOR-IRRADIATED  FUSED  SILICA VS TEMPERATURE 
FYMBOL -~ QUANTTTY ~ IRRADIATION 
0 
0 
UNION CARBIDE INITIAL TIME CONSTANT 
REACTOR AND CO-60 F INAL  T IME  CONSTANT 
~~ 
~~~~~~~~ -~ ~~~~~ 
I 
I 
INITIAL TIME CONSTANT 
FINAL  TIME  CONSTANT 
TRlGA  REACTOR 
I 











TRANSMITTANCE  CHARACTERISTICS OF ALUMINUM  OXIDE  SINGLE  CRYSTAL  SPEClhIEN 
AM 2-100 AFTER  REACTOR  IRRADIATION  AT  900°C AND SEQUENTIAL CO-60  GAMMA 
IRRADIATIONS AND HEAT  REATMENTS 
0 -16 0.18 





CO-60 GAMMA IRRAD-12 MRAD 
CO-60 GAMMA IRRAD- 6 MRAD 
REACTOR IRRADIATION-900 C 
CO-60 GAMMA IRRAD- 6 MRAD 
HEAT 20 MIN.-900 C 
CO-60 GAMMA IRRAD.-12MRAD 
CO-60 GAMMA IRRAD.- 6 MRAD 
CO-60 GAMMA IRRAD.- 6 MRAD 




TRANSMITTANCE  CHARACTERISTICS OF ALUMINUM  OXIDE  SINGLE  CRYSTAL  SPECIMEN 
AM% -100 AFTER  REACTOR  IRRADIATION  AT 900 C AND SEQUENTIAL CO-60  GAMMA 





REACTOR IRRADIATION-900 C 
. .  . ~ _ _ _  .__ 
CO-60 GAMMA IRRAD-12 MR. 
CO-60 GAMMA IRRAD- 6 MR. 
CO-60 GAMMA IRRAD- 6 MR. 
HEAT 20 MIN. 900 C 
CO-60 GAMMA IRRAD-12 MR. 
CO-60 GAMMA IRRAD- 6 MR. 
CO-60 GAMMA IRRAD- 6 MR. 
H E A T  1200 C 1 HOUR 
. " 
0.20 0.22  0.24 0.26  0.28 
WAVELENGTH, A -MICRONS 
7 3  
FIG. 24 
TRANSMITTANCE OF SINGLE  CRYSTAL  Be0  SPECIMEN B L  2-100 BEFORE AND AFTER 




















TRANSMISSIVITY AND ABSORPTION COEFFICIENT  FOR  30 mm CORNING 7940 FUSED 
FIG. 26' 
SILICA  SPECIMEN SC 30-101 REACTOR  IRRADIATED  AT  700C,  CAPSULE F, 
AND  SUBSEQUENTLY CO-60 GAMMA DOSED 
WAVELENGTH, A=0.215 MICRON 
SYMBOL 
T R E A T M E N T P R E C  
MEASUREMENT 
0 RECEIPT FROM VENDOR 
0 REACTOR IRRAD; 700C 
D 
HEAT  TREATMENT  700C I 
HEAT TREATMENT 700C 
AOVb 
Co-60 GAMMA IRRAO. 
co-60 GAMMA I RRAD. AeV L 








0 6 12 18 24 






TRANSMITTANCE  SPECTRUM OF 30 mm CORNING 7940 FUSED  SILICA  SPECIMEN 
SC 30-105 REACTOR  IRRADIATED  AT 800 C,  CAPSULE G, AND SUBSEQUENTLY 
CO-60  GAMMA DOSED 
AS RECEIVED 
REACTOR IRRAD., AT 800 C 
12 MRAD GAMMA DOSE 
6 MRAG GAMMA DOSE 
6 MRAD GAMMA DOSE 
















0.14  0.18 0.22 0.26 0.30  0.34  0.38 
WAVELENGTH, A ,-MICRONS 
77 
TRANSMISSIVITY AND ABSORPTION COEFFICIENT  FOR 30 mm CORNING 7940 
FUSED  SILICA  SPECIMEN SC 30-105 REACTOR  IRRADIATED  AT 800 C,  CAPSULE G, 
FIG. 28 
AND  SUBSEQUENTLY CO-60  GAMMA DOSED 
SYMBOL 
TREATMENT  PRECEDING STEP  (SEE 













-A 0 v 0- 
3 REACTOR  I RAD:  800c -0- 
1 RECEIPT  FROM  VENDOR 
8 
9-12 




HEAT  TREATMENT  800C 
Y 
CO-60 GAMMA IRRAD. 4-7 
A + V L  
co-60 GAMMA IRRAD. * V  
CO-60 GAMMA IRRAD. 
H E A T   T R E A T M E N T  800c 
POLISH SPECIMEN 








































TRANSMITTANCE  SPECTRUM OF 30 mm CORNING 7940 FUSED SILICA  SPECIMEN 













REACTOR  IRRAD.,  AT  800  C 
12 MRAD GAMMA DOSE 
6 MRAD GAMMA DOSE 





















STEP (SEE 1 SYMBOL I PRECEDING 
TABLE  V I I -C)  
STEP (SEE 
MEASUREMENT  TABLE  VII-C) . ~ _ ~ .  
~ I 
I ,  
1 6 MRAD GAMMA  DOSE 6 
3 6 MRAD  GAMMA  DOSE 7 
4 HEAT  TREATMENT-800  C a 
5 




TRANSMISSIVITY  AND  ABSORPTION COEFFICIENT FOR 30 rnm CORNING 7940 FUSED 
SILICA SPECIMEN sc 30-io9 REACTOR IRRADIATED A T  800 c, CAPSULE H, AND 



















RECEIPT FROM VENDOR 1 
-0- REACTOR  IRRAD: EOOC 3 
A O U h  co-60 GAMMA IRRAD. 4-7 
0 6 12 18 




















TRANSMITTANCE  SPECTRUM OF 30 mm CORNING 7940 FUSED  SILICA  SPECIMEN 
SC 30-102 REACTOR  IRRADIATED A T  800 C,  CAPSULE I , AND SUBSEQUENTLY 
Co-60  GAMMA DOSED 
TREATMENT 
SYMBOL PRECEDING 
6 MRAD GAMMA DOSE 
6 MRAD GAMMA DOSE 12 MRAD GAMMA DOSE 
6 MRAD GAMMA DOSE H E A T   T R E A T M E N T  800 C 





























SPECIMEN SC 30-102 REACTOR  IRRADIATED  AT 800 C,  CAPSULE I , AND 
SUBSEQUENTLY CO-60 GAMMA DOSED 
WAVELENGTH, x = 0.215 MICRON 
SYMBOL TREATMENT  PRECEDING  MEASUREMENT (SEE TABLE ~ 1 1 - d )  
RECEIPT FROM VENDOR 1 
REACTOR  IRRAD: 800c 3 
~~ 
STEP 
~" . ~~ . - -~ 
co-60 GAMMA IRRAD. 4-6 
co-60 GAMMA  DOSE 9-1 1 












J I . I  
-1 
-i 
6 12 18 24 



















TRANSMITTANCE  SPECTRUM OF 30 mm CORNING 7940 FUSED SILICA SPECIMEN 
SC 30-107 REACTOR IRRADIATED " AT 900 C, CAPSULE J, AND SUBSEQUENTLY 




STEP  (SEE  TREATMENT STEP  (SEE 
TABLE V1I-e) SYMBOL  PRECEDING 
MEASUREMENT  MEASUREMENT TABLE 
REACTOR IRRAD., AT 900 C 
1 
3 
12 MRAD GAMMA  DOSE 4 
6 MRAD GAMMA  DOSE 5 
V 6 MRAD GAMMA  DOSE 6 
h 6 MRAD GAMMA  DOSE 7 



















0.14 0.18 0.22 0.26 0.30 




TRANSMISSIVITY AND ABSORPTION COEFFICIENT FOR 30 m m  CORNING 7940 FUSED 
SILICA  SPECIMEN SC 30-107 REACTOR  IRRADIATED  AT 900 C,  CAPSULE J, 
AND  SUBSEQUENTLY CO-60 GAMMA DOSED 








-A 0 v b- 
TREATMENT PRECEDING MEASUREMENT STEP  (SEE  TABLE  VI I -e)  
RECEIPT FROM VENDOR 1 
REACTOR IRRAD. 900 C 
3,4,5,6,7 CO-60 GAMMA IRRAD. 
3 
- 
0 6 12 18 2 4  






















TRANSMITTANCE  SPECTRUM OF 30 mm CORNING 7940 FUSED  SILICA  SPECIMEN SC 30-112 
REACTOR  IRRADIATED  AT 800 C,  CAPSULE I , BLEACHED  AT  250 c, AND SUBSEQUENTLY 




















0.14 0.18 0.22 0.26 0 30 0.34 o .3a 
WAVELENGTH, A -MICRONS 
FIG. 36 
TRANSMISSIVITY  AND  ABSORPTION COEFFICIENT  FOR 30 mm CORNING 7940 FUSED 
SILICA  SPECIMEN Sc 30-112 REACTOR  IRRADIATED  AT 800 C,  CAPSULE 1 , 
BLEACHED  AT 200 C, AND  SUBSEQUENTLY CO-60  GAMMA DOSED 








RECEIPT FROM VENDOR 
A O V b  CO-60 GAMMA IRRAD. 














































0 6 12 18 24 30 
co-60 GAMMA DOSE-MRAD 
a6 
TRANSMITTANCE SPECTRA OF 30 mm CORNING FUSED SILICA SPECIMEN SC 30-113, 
CONTROL, RECEIVED FROM VENDOR, HEATED AT 1050 C, AND SUBSEQUENTLY 
FIG. 37 




























SPECIMEN SC 30-113, CONTROL,  RECEIVED  FROM  VENDOR,  HEATED  AT 
1050 C, AND SUBSEQUENTLY CO-60  GAMMA DOSED 
WAVELENGTH, h = 0.215 MICRON 
~~ " "" 
1 
5-8 _" - " . . 
0.02 
0.0 1 
0 6 12 18 24 
CO-60 GAMMA DOSE-MRAD 
88 
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